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A RIG  FOR  TESTING  THE  SOFT  SOIL  PERFORMANCE  OF  TRACK  SYSTEMS 
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E B H'CLAURIN 

MVEE  CHERTSET  SURREY  EMC LAND 


INTRODUCTION 


■y 

For  a given  level  of  performance  the  track  end  euepenalon  ayatem  of  a 
military  tracked  vehicle  muat  he  aa  light  and  compact  aa  poaalble  to 
maximlee  weight  and  volume  available  for  crew  and  payload  (armour 
protection,  weapon  and  communication  eyatema,  ammunition,  fuel,  etc). 
Although  track  ayatema  have  been  uaed  on  military  vehlclea  for  aome  aeventy 
yaara  net hod a for  predicting  their  performance  In  eoft  aoll  - and  actual 
performance  meaeurementa  - are  limited  and,  even  with  lta  ahortcomlnga, 
the  nominal  ground  preaaura  term**Temalna  the  performance  comparator  moot 
commonly  uaed  by  vehicle  dealgoero.  Thla  la  partly  becauae  of  the 
complexity  of  devlalng,  proving  and  ualng  improved  methoda  and  partly 
becauae  military  vehicle  teetlng  and  training  aream  tand  to  be  on  aandy 
frictional  aollo  where  tracked  vehlclea  rarely  exhibit  mobility  problena.  ■* 
Operational  areaa  are  likely  to  Include  allty  and  clay  aoila  where 
dlfferencea  in  track  ayatem  dealgn  will  affect  performance  to  a much 
greater  degree.  If  an  improved  track/aoil  model  waa  available  overall 
automotive  ayatem  performance  nodele  could  alao  be  Improved  and  dealgnere 
would  be  able  to  make  more  rational  cholcee  between  often  conflicting 
requlremanta  - for  example s- 

- lncreaaing  the  number  of  wheele  should  Improve  eoft  eoll  performance  and 
alao  reduce  aponaon  height  but  lncreaee  coat  and  weight. 

- lncreaaing  wheel  diameter  la  likely  to  Improve  eoft  eoll  performance  but 
lncreaee  aponaon  height,  weight  and  coat. 

- lncreaaing  track  width  ahould  Improve  aoft  aoll  performance  and  reduce 
buah  loading  but  will  reduce  apace  available  lnalde  the  vehicle. 

- lncreaaing  track  pitch  la  likely  to  Improve  aoft  aoll  perfromance  and 
reduce  track  weight  but  lncreaee  the  level  of  vibration  due  to  chordal 
action  and  reduce  the  life  of  track  buehlnga. 

- lncreaaing  track  contact  length  la  likely  to  improve  atralght  line  aoft 
aoll  performance  but  may  lncreaee  alewing  momenta  required  to  ataer  the 
track. 

The  Important  aoft  aoll  performance  parametere  for  a military  tracked 
vehicle  are  generally:- 

- Limiting  go/ao  go  aoll  etrength  - thla  deflnee  tha  areaa  of  terrain 
generally  aeceeelble  to  a vehicle  under  particular  eoll  and  weather 
condltlona. 

* MGF  - vehicle  weight/track  width  x track  contact  length  x number  of 

tracka. 


I 

I 
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Tractive  rolling  realatance  - tha  lower  thla  la  tha  graatar  tha 
potential  apaad  and  rang#  of  a vehicle.  Rolling  raalatanca  la  uaually 
conaldarad  divided  between  lntarnal  and  external  component*  - tha 
lntarnal  being  tha  proportion  dua  to  aprockat  engagement,  pin,  baa  ring 
and  aaal  friction,  rubber  hyataraale  loaaaa  (road  wheala,  idlara, 
buahaa,  pada,  raturn  rollara),  horn  rubbing  ate.,  and  tha  axtarnal 
coa  portent  dua  to  work  dooa  In  aoll  da  format  ion. 


Nat  traction  la  required  to  anabla  a vahlela  to  cllab  gradlanta, 
accalarata  and,  for  a akld  ataarad  vahlela,  to  ataar  although  tha 
atralght  line  traction  eonaldarad  here  will  only  give  a cooperative 
Indication  of  traction  required  to  ataar  a vahlela.  Tha  development  of 
external  traction  (or  drawbar  pull)  ia  laportant  for  towing  dead 
vehicle*,  bulldotlng,  nine  clearing,  ate. 


- Tha  development  of  high  tractive  efficiency  under  traction  eoodltloua 
la  laportant  In  that  It  affecta  vehicle  acceleration  and  apaad  on 
tradlanta  but  1a  not  aa  laportant  for  overall  fuel  efficiency  aa  on, 
for  axaapla,  an  agricultural  tractor  uaed  for  ploughing. 

soiL/mac  ststm  mwiwci  wootu 

A number  of  theoretical,  aaal  empirical  or  totally  empirical  aodale  of 
eoll/tracked  vehicle  performance  exlat  although  detalle  of  validation 
taata  with  aoet  of  theaa  aodale  are  generally  aparaa.  They  Include i- 


1.  The  WES  fCI  aathod  (Raf  1)  which  la  a totally  empirical  method  baaed 
on  ln-aoll  aaaeuraaanta  of  vehicle  performance.  Cone  Index  (Cl),  or 
Rating  Cone  Index  (RCI),  la  uaed  for  daecrlblng  aoll  etrength.  The 
method  appllea  to  coheaive  fine  grained  aolla  and  tha  flret  ataga 
In  ualng  It  la  to  compute  a Nobility  Index  (HI)  from  vehicle 
paramatere.  In  eeaence  MI  taken  the  fora 


MI 


50  kM 

~&r 


w 

lOakp 


where  W 


vehicle  weight  (lbf) 

track  width  (lna) 

length  of  track  on  ground  (lna) 

total  number  of  road  wheel  a 

track  pitch  (lna) 

depend*  on  vehicle  weight 


Varloue  other  correcting  factor*  for  ground  clearance,  power /weight 
ratio,  tranealaaloo  type  etc.,  are  alao  Included  in  HI  but  have  a 
relatively  email  Influence  on  lta  value.  The  aeeond  term  look* 
promising  la  that  It  haa  unite  of  preaaure  and  appear*  to  aake 
allowance  for  the  peak*  of  preaaure  which  occur  under  rood  wheel*. 

The  flrat  ten  however  he*  the  rather  Inappropriate  unite  (for  a 
coheaive  eoll/vatilcle  model)  of  epecifle  weight  and  appear*  to  give 
undue  benefit  to  wide  track*.  If  figure*  for  a typical  heavy  armoured 
vehicle  are  lnaerted  Into  the  relatlonahlp  we  get 


HI  - 100  ♦ 7 
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l.t.  Che  first  ten  vlth  Its  rsther  unsatlsfsctory  fon  is  by  far  the 
doalnant  one.  The  Halting  go/no  go  soil  atrength  VCI  (Vehicle  Cone 
Index)  can  then  be  eatlaated  froa  an  eaplrical  relationship  and  Is 
approxlaately  proportional  to  HI.  Drawbar  pul)  and  rolling 
reslatance  In  aoll  of  a particular  strength  can  be  estlaated  froa 
staple  relationships  based  on  'excess'  1CI  (actual  BCI  - VCI). 

2.  The  Bekker  aethod  (2)  uses  the  well  known  two  part  BevasMter 

lnstrtaaent  to  aeaaure  soil  values.  A plate  alnkage  test  Is  used  to 
alaulate  vehicle  alnkage  and  predict  rolling  resistance.  A ring 
shear  test  Is  used  to  simulate  and  predict  gross  traction.  Net 
traction  Is  coaputed  as  the  difference  between  gross  traction  and 
rolling  resistance.  The  track  is  aesuaed  to  act  as  a rigid  flat 
plate  which  aay  be  reasonable  for  a crawler  tractor  with  closely 
spaced  wheels  but  Is  unlikely  to  be  so  for  the  usual  type  of  allltary 
vehicle  sprung  track  aystea.  Although  aoae  laprcsslve  looking 
predictive  equations  have  been  published,  details  of  validation 
studies  of  the  aethod  are  Halted. 

1.  The  aethod  la  now  being  considerably  extended  by  Wong  (3)  who  still 
uses  the  basic  bevaaeter  Instrument  for  aeasurlng  soil  properties  but 
In  a vehicle  aountad  fora  with  autoaatle  data  processing.  The 
pressure  alnkage  relationship  under  repetitive  loading  and  the  slip 
slnkage  characteristics  of  the  terrain  are  also  aeasured.  In 
aodelling  the  soll/vehlcls  Interaction  the  track  la  asauaed  equivalent 
to  a flexible  and  lnextenslbla  belt.  Positions  and  dlaaatars  of 
roadwheela,  sprocket,  Idler  and  support  rollsrs  are  specified.  Using 
the  aeasured  soil  characteristics  a aystea  of  aquations  are  set  un 
for  the  equilibrium  of  forces  and  aoaents  acting  on  the  track  systea 
and  for  conservation  of  track  length.  The  deflected  shape  of  the 
track  and  track/soil  contact  stresses  are  coaputed.  Only  a Halted 
aaount  of  data  on  valldutlon  studies  have  so  far  been  published  but 
the  aystea  shows  proalse  especially  If  computer  Implementation  Is 
relatively  slaple  and  a range  of  'standardised'  soil  values  can  be 
aade  available  for  use  be  designers.  The  lack  of  track  link  pitch  as 
a vehicle  paraaetcr  can  be  questioned  sines  this  has  been  shown  to  be 
s significant  factor  (A)  as  can  the  assumption  that  the  road  wheels 
are  rigidly  attached  to  the  body  although  It  would  appear  relatively 
easy  to  Include  suspension  deflection  affects. 

A.  Turnage  has  performed  some  laboratory  tests  with  a nodule i track  rig 
(3)  In  dry  saods  and  near  saturated  clays.  Cone  Index  was  used  to 
aeasure  soil  strength.  The  track  vss  a belt  type  vlth  bolted  on 
shoes.  Track  contact  length  and  width,  and  spacing  and  nuabar  of 
wheel  a could  be  altered.  Most  of  the  test  work  was  with  the  sands 
but  a prellalnary  dimensionless  prediction  term  for  clays  was  also 
suggested  In  the  form 


Cl  bt  ( W )0«>  V • Total  load  on  track 

V ~ (Umax)  Unax  - Load  to  cause  bogles  to 

bottom  out  on  suspension 
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it  Cl_  ( W )0«> 
NCP  (Vui) 


( W )0.3 

(Mux)  It  apparently  t ttm  to  allow  for  tht  tfftcta  of  load 
conctnt rat Iona  under  tht  whttla  but  lta  derivation  la  not  eaay  to 
follow. 

5.  In  1972  Rowland  evolved  tht  aaan  naxlaua  preeeura  (TMP)  ttna  (4) 

d ■ dlaaeter  of  rood  whttla 
t * ratio,  actual  arta  of 

track  link /nominal  arta. 
pb. 

which  corrtlatad  wall  with  ntaturtd  la  toll  prttaurt  ptaka  uadtr 
road  whttla.  Rowland  pot tula tad  that  IMP  would  b«  txpactad  to 
give  a guide  to  tht  toft  toll  behaviour  of  tracked  vehlclee  and 
ahowtd  that  it  wat  linearly  ralattd  to  lleltlag  go/no  go  toll 
atrtngth  (Cl  or  RCI)  la  clay  and  organic  nolle.  He  alto  produced 
a ralatlooahlp  for  external  rolling  reeletanca  In  clay  aollt  (6) 

C n QS2>1*” 

RX  " °'28  (Cl  ) whtrt  Cy  • coefficient  of 

external  rolling  rtalatence 


mr 


1.269 

nW  ■<*)<>.  3 


tad  further  hypothealaod  that  MKF  could  be  uatd  at  a dttcrlblng 
nobility  lumber  for  track  ayttana  tad  In  tht  fora 
R • 2.6  (CI_)°«72  could  be  coeparablt  to  the  MIS 

C 0*F) 

pat  an  a tic  tyre  nobility  Buabar  • and  their  predlctiwt  performance 
reletlonahlpt  (7). 

TRK  HVH  HORILR  TISTO 


A print  requirement  of  thla  inveetlgatloa  wat  tone  neena  of  obtaining 
accurate  In  toil  performance  neetureaeata  for  a variety  of  track  ayaten 
configuration.  It  waa  decided  that  a mobile  teeter  of  the  type  uaed 
by  HIAI  and  othere  waa  the  aoet  adaptable  and  coat  effective  way  of 
obtaining  thla  Information.  Laboratory  acale  nodal  teetlag  can  give 
ueeful  Information  but  would  atlll  need  to  be  correlated  with  full 
acale  teatlng.  Full  acale  laboratory  teetlag  la  toll  pita  preeeata 
formidable  probleaa  of  aoll  proceealng  eepeclally  with  clay  eoila  and 
haa  now  been  abandoned  at  HYft.  There  are  varloua  experlaental 
dlfflcultlea  with  ueing  a vehicle  to  neaaure  la  aoll  performance  - 
controlling  allp  for  exaaple  - and  exteaalve  aodlf lcatlone  would  be 
required  to  fit  different  track  eyatea  conflguratione  to  the  vehicle. 

The  KYKS  aoblle  teeter  (Fig  I)  ie  baaed  on  a crawler  chaeela  to  enable 
It  operate  effectively  la  weaker  eoila  and  la  capable  of  teatlng  wheela 
(8)  aa  well  ae  the  modular  track  rig  deecrlbed  here.  The  track  rig  la 
carried  In  an  arch  frame  and  connected  to  the  teeter  by  parallelograa 
linka  which  can  aleo  lift  the  rig  clear  of  the  ground  when 
manoeuvring.  Hydroetatle  drive  motore  are  accommodated  within  the 


track  rig  and  are  connected  to  the  track  aprockets  via  roller  chalna.  The 
track  rig  la  normally  freely  pivoted  In  pitch  to  simulate  straight  running 
of  a two  track  akld  steered  vehicle  although  pitch  restraint  can  be  applied 
to  the  rig  to  simulate  certain  typas  of  articulated,  wagon  steer  and  half 
track  vehicle.  The  position  of  the  rig  to  frame  pivot  point  can  be 
adjusted  to  model  different  c.g.  positions  and  'traction  centre'  heights. 

The  track  rig  Is  3.2  a from  Idler  to  sprocket  centre  with  a nominal 
dimension  of  2.0  m between  front  and  rear  wheels.  The  maximum  road  wheel 
size  Is  0.61  a dla  and  2,  3 or  4 of  these  can  be  fitted.  Up  to  eight 
0.23  m dla  wheels  can  be  used.  0.36  a and  0.43  a dla  wheels  can  also  be 
fitted  In  various  2,  3,  4,  3 and  6 wheel  configurations.  A variety  of 
link  tracks  up  to  a maximum  width  of  0.61  a can  be  used.  A simple  band 
track  Is  also  available. 

The  wheels  are  carried  on  pivoted  balance  beams  to  accommodate  terrain 
roughness.  When  the  rig  was  designed  consideration  was  given  to  the  use  of 
an  Individual  wheel  sprung  suspension  but  space  was  not  avsllable  In  the 
rig  to  accommodate  the  springs  and  the  wide  rangw  of  Individual  wheel 
loadings  would  have  required  a range  of  springs  of  various  rates.  The  use 
of  load  equalising  balance  beams  Is  a reasonable  compromise  - compared 
to  a sprung  suspension  weight  transfer  Is  rsacted  between  a forward  set  of 
equally  loaded  wheels  and  a rearward  set  of  equally  loaded  wheels.  With  a 
sprung  suspension  weight  transfer  Is  generally  proportional  to  the  distance 
from  the  'spring  centre'  (usually  near  the  centre  of  the  vehicle)  and 
spring  deflections  will  also  alter  the  approach  and  departure  angles  of 
the  track.  The  rig  can  be  turned  round  to  provide  a forward  or  rear  drive 
sprocket  and  approach  and  departure  angles  can  be  adjusted.  Total  ground 
load  can  be  varied  by  means  of  ballast  weights  between  approx  23  kN  and 
55  kN. 

Tractive  forces  from  the  rig  are  measured  by  a pair  of  horizontal 
transducers.  Sprocket  torque  Is  measured  by  a strain  gauged  shaft  within 
the  sprocket  hub  which  carries  torque  between  the  chain  sprockets  and  track 
sprockets.  Signals  are  fed  out  via  slip  ring  boxes.  Sprocket  speed  Is 
measured  by  a toothed  ring  and  Inductive  pick  up  within  the  hub.  Although 
other  methods  have  been  used  forward  speed  Is  now  awasured  by  a toothed 
ring  on  the  tester  sprocket,  tests  having  shown  tester  track  slip  to  be 
very  small  under  most  conditions. 

EX  FEE  MENTAL  FKOCEDUEE 


For  the  trials  reported  here  the  rig  was  used  In  Its  rear  drive 
configuration  with  the  external  pivot  point  at  mld-wheelbase  and  at  a 
height  above  ground  to  give  approximately  the  same  ratio  of  traction  centre 
height  to  wheelbase  as  c.g.  height  to  wheelbase  on  a typical  tracked 
armoured  vehicle.  Tests  were  generally  performed  at  a vertical  load  of 
55  kN  although  some  tests  were  run  at  half  this  load.  The  following  track 
system  configurations  were  used: 
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No  of  wheels 

. 

Die  of  wheels 

1 

Track  (sea  Pig 

Em 

Area  ratio,  a 

8 

0.254 

■ 

0.34) 

0.117 

0.6)1 

A 

0.610 

m 

■M 

] K3 

s mSSm 

0.117 

0.831 

Ka 

BiSI 

0.2)0 

0.831 

mm 

■ KSSfl 

0.116 

H 

Ba 

0.116 

1 'C.‘' 1 

0.4)2 

n 

I 

H 

0.2)4 

B 

2 

0.610 

B 

* Track  A lasa  rub bar  pads. 

All  tracks  rubber  bus had  except  track  C which  la  dry  plonad. 


Tests  wars  performed  by  the  progressiva  slip  method.  The  track  spaed  was 
held  nominally  constant  and  the  parent  vehicle  speed  varied  to  give  a 
range  of  slips  from  approx  -20Z  to  +100X  with  slow  transition  through  the 
lnportant  -5  to  +10X  slip  region.  NeasuresMnts  of  net  thrust,  sprocket 
Input  torque,  sprocket  speed  and  forward  speed  were  recorded  on  aagnetlc 
tape. 

kune  were  made  at  two,  (s  oust  Isms  three)  track  tensions,  with  at  least  12 
runs  per  track  configuration. 

Soil  strength  measurements  were  aade  by  cone  penetrometer  - at  least  6 

measurements  per  run  - with  a concentration  of  meaauramente  In  to 
0 to  201  slip  region.  In  rut  measurements  were  also  aade. 

Analysis 

The  magnetic  taps  recordings  were  played  via  filters  sad  A/D  converters 
Into  e computer  for  analysis  and  graph  plotting.  The  tractive  effort 
recordings  were  corrected  for  tester  longitudinal  acceleration.  Cross 
traction  P<j,  net  thrust  or  traction  Pj,  tractive  rolling  resistance  kj, 
tractive  efficiency  n,  and  slip  s were  computed  as  follows: 
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P - I 
G r 

RT  “ PG  " PT 


n - ply 


wr 


where  T - sprocket  torque 

r * effective  sprocket  radius 


when  v 
u 


forwsrd  speed 
sprocket  sngular  speed 


PG>  PT  •nd  rt  vrrr  divided  by  trnck  weight  n give  the  coefficients  of 
gross  trsctlon  , net  traction  Cy  end  tractive  rolling  resistance  Cg,  C<f , 
Cy,  Cg  and  n were  plotted  against  slip. 

RESULTS 


Results  f roa  two  test  sites  are  reported  hers  - both  sugar  beet  fields 
after  harvesting.  Soli  Moisture  content  on  both  sites  was  unseasonably  low 
giving  coapa,*at1  vely  high  soil  strengths. 

Site  A 


The  soil  was  a very  silty  aedlun/flne  sand  with  over  30X  silt  or  clay  (USCS 
Classification  SH/SC).  Moisture  content  was  around  202  giving  average  cone 
Index  values  of  around  450  - 500  kPa  In  the  0-150  mm  layer.  Laboratory 
trlaxlal  tests  on  a saaple  of  the  surface  soil  shows  It  to  be  mainly 
cohesive  with  soae  frictional  properties  (0  • 9*). 

Site  B 


The  soli  in  this  site  was  a clayey  silt  (USCS  classification  ML/ ML -CL)  with 
at  least  502  silt  or  clay.  Moisture  content  was  around  292.  Average  cone 
Index  values  for  the  0-150  an  layer  were  typically  around  300  kPa. 

Traction  Curves 


Typical  trsctlon  curves  froa  both  sites  are  shown  In  Figs  3 and  4.  High 
values  of  gross  traction  coefficient  were  obtained  at  Site  A - In  soae 
cases  exceeding  1.2.  Traction  coefficients  were  sppreclable  lower  for  Site 
B because  of  the  weaker  soli.  A noticeable  feature  of  the  curves  for 
Site  A Is  the  considerable  Increase  In  rolling  resistance  which  occurs  as 
trsctlon  develops.  In  soae  exses  the  coefficient  of  rolling  resistance  at 
20Z  slip  Is  over  3 tlaes  Its  value  at  the  self  propelled  point.  This 
considerable  Increase  was  soaewhat  unexpected  and  unlikely  to  be  due 
Increased  Internal  resistance  which  would  be  comparatively  small  for  rubber 
bushed  tracks.  For  coaparlson,  data  for  the  rolling  reelstance/sllp 
relationship  of  wheels  was  Investigated.  Rowland  (9)  reviewed  available 
data  and  suggested  eaplrlcal  relationships: 
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For  pneuautlc  tyre* 

C*  « (1  ♦ •) 

l.e.  Cg  proportional  to  allp  and  doubling  between  0 and  lOOt  allp  and, 
for  rigid  cylindrical  wheel* 

Cp  • ( l - 0.75a) 

1. e.  rolling  realatance  actually  reducing  with  allp.  No  auch  alaple 
relat lonahlp*  are  apparent  for  track  systems,  the  rolling  realatance  being 
a function  of  traction  and  the  track  ayeteai  configuration. 

In  a two  track  akld  a tee red  vehicle  traction  cauaea  weight  tranafer  from 
front  to  rear  depending  on  the  poaitlon  of  the  'traction  centre',  the  wheel 
and  track  arrangcaent  and  whaeibaae.  A aowlng  unaprung  track  ayataa 
generally  take*  up  a characterlatlc  tall  down  pitch  angle.  At  low 
traction  thla  la  due  to  progreaalve  coapreaslon  of  the  aoll  under  the 
wheel*.  Aa  traction  lncraaaea  the  aoll  under  the  rear  of  the  track  will  be 
aubject  to  greater  ahaar  deformation*  due  to  allp.  Thla  will  Increase  the 
likelihood  of  aoll  failure  and  extra  slnkaga  under  the  rear  of  the  track. 
The  affect  la  aometlaes  referred  to  aa  slip  slnkage. 

With  a a p rung  track  ayateai  the  frame  or  hull  will  taka  up  an  additional 
angle  due  to  spring  deflections.  Thla  will  be  Increased  by  a raised 
sprocket  (or  Idler  if  front  driven)  dua  to  the  vertical  component  of  track 
(gross  traction)  force.  Because  tha  suspension  will  generally  be 
considerably  nor*  compliant  than  the  soil  this  component  will  also  unload 
the  aoll  undar  the  rear  wheel  and  thus  Increase  loading  still  further  on 
the  adjacent  wheels.  The  effect  can  be  countered  on  front  drive  vehicles 
by  Mans  of  so-called  compensating  Idlers  (Fig  5a).  With  a rear  drive 
sprocket  various  arrangements  are  possible  which  Interconnect  a link 
between  the  final  drive  reduction  gear  and  the  rear  wheel  (Fig  5b).  The 
extra  coat  and  complication  of  these  arrangements  usually  preclude  their 
use  although  front  mounted  compensating  ldlera  are  quite  widely  used  to 
counter  vehicle  nose  dive  when  braking.  Conversely  aoll  offloading 
under  end  wheels  nay  be  beneficial  when  steering  In  reducing  momenta 
required  to  slew  the  track.  An  active  suspension  could  be  used  to 
control  aoll  normal  forces  under  wheal*. 

In  Fig  6 values  of  Cg  are  shown  plotted  against  Gj  as  well  as  slip  for 

2,  A and  8 wheel  arrangeMnts.  It  la  noticeable  that  the  increase  In 
rolling  resistance  la  much  less  marked  with  the  two  wheel  arrangement 
where  weight  transfer  Is  proportionately  less  than  In  the  other 
arrangements  and  where  track  force  does  not  off-load  the  rear  wheel 
because  It  la  rigidly  attached  to  the  track  frame.  The  Increase  In 
rolling  realatance  thus  appears  to  largely  a function  of  weight 
tranafer  In  the  track  system  aa  traction  lncraaaea.  See  Appendix  for 
calculation  of  ground  reaction  loads. 

Comparison  of  Different  Configurations 

All  the  arrangement*  were  tested  at  a 'normal'  tension  (nominally  20X 
of  weight  on  track  system)  and  a 'tight'  tension  (nominally  30X  of 
weight).  High  tension  la  sometimes  thought  to  lmprova  performance, 
especially  In  the  go/no  go  region,  preetasably  because  of  better 
'bridging'  effect  between  wheels  although  with  sprung  systems  It  also 
Increases  the  tendency  to  offload  the  end  wheels  and  hence  Increase 
loading  on  the  remainder. 
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Averaging  ell  the  results  from  both  altea  glv#«  the  following  values  for 


CT20  and  CRSp 


Site  A 

Site  B 

Normal 

Tight 

Normal 

Tight 

0.53 

0.53 

0.29 

0.29 

0.11 

0.11 

0.15 

0.16 

l.e.  no  significant  difference  between  the  pre-tensions. 

Similarly  one  of  the  tracks  was  run  without  rubber  track  pads  (track  B In 
Fig  2)  but  again  no  clear  trend  was  apparent  - running  without  pads  showing 
a slight  Increase  In  traction  on  one  alts  and  a slight  decrease  on  the 
other.  All  the  values  of  coefficient  of  traction  at  201  slip  CT2o> 
coefficient  of  rolling  reslata  e at  zero  traction  (the  self  propelled 
point)  C^sp,  and  the  coefficient  of  rolling  resistance  at  201  slip  Cp2Q 
were  therefore  averaged  for  each  track  system  configuration  neglecting 
track  tension  and  the  absence  of  track  pads.  These  average  values  were 
then  plotted  against  the  dimensionless  terns  Cl/ggp  and  CI/M  to  ase  If 
either  can  be  used  to  adequately  describe  the  aeasurcd  data  by  aeana  of 
empirical  curves  and  for*  the  basis  of  a staple  tractive  performance 
prediction  system. 

Cl  • average  cone  Index  In  the  0-130  an  layer 

M - W 

nbe  (pd)0*5 

The  results  are  shown  plotted  In  Figs  7 and  8. 

The  CI/gQp  against  plot  (Fig  7a)  shows  an  approximately  linear 

relationship  although  with  an  appreciable  aaount  of  scatter  In  the  low 
CI/|£p  region  and  with  no  real  Indication  of  a Halting  go/no-go  value 
of  CI/gQp.  The  8 wheel  configuration  Is  seen  to  perfora  well  as  does 
the  long  pitch  track  (C)  at  low  Cl/ggp.  The  effect  of  wheel  diameter 
Is  not  readily  apparent. 

The  plot  of  CI/|£p  against  Cggp  (Fig  7b)  shows  low  resistance  for  the 
8 wheel  configuration  at  low  Cl/grp  and  high  resistance  from  the  2 wheel 
arrangeaent.  The  effects  of  wheal  disaster  end  track  pitch  are  not  very 
apparent . 

The  JI/M  against  C^2o  plot  (Fig  8a)  shows  generally  laproved  collapse  of 
the  data  points  and  there  Is  now  an  Indication  of  a Halting  go/no-go 
value  of  CI/R  although  no  aeasureaents  are  available  for  this  region 
because  of  the  comparatively  firm  soil  conditions.  Again  the  effects 
of  wheel  dlaaeter  and  track  pitch  are  not  clear  and  In  particular  the 
long  pitch  track  appears  to  'underperform'  with  the  weighting  given  to 
It  In  the  H relationship.  It  was  slightly  unfortunate  that  on  both  test 
nltes  the  long  pitch  track  was  tested  on  slightly  firmer  parts  of  the 
sites  which  aakes  it  difficult  to  compare  performance  directly  with  the 
standard  pitch  track.  The  two  wheel  configuration  Is  seen  to  perfora 
comparatively  well  but  this  la  probably  because  weight  transfer  effects 
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•re  comparer lvely  avail  and  there  la  little  rlaa  In  rolling  raalatanca 
with  traction.  A describing  curve  has  been  tentatively  placed  through 
the  data  points  but  no  atteept  has  yet  been  made  to  ascribe  any  function 
to  It. 

The  CI/m  against  Cg$p  plot  (Pig  6b)  shows  leproved  verging  of  the  data 
points  compared  to  Cl/g^p.  Cg  Includes  both  external  and  internal 
components  even  though  CI/m  la  attempting  to  describe  only  the  external 
resistance.  It  la  difficult  to  sec  how  the  two  components  can  be  easily 
separated.  The  usu.i  assumption  la  that  meaaurementa  of  Internal  rolling 
reslatance  from  hsyd  road  trials  also  apply  to  the  off-load  condition 
although  recent  teats  at  HVtE  have  shown  that  terrain  roughness  can 
markedly  Increase  Internal  rolling  reslatance  apart  from  the  effects  of 
•oil  packing  In  the  track  system.  All  the  tracks  were  rubber  bushed  except 
the  double  pitch  which  was  dry  pinned.  The  Internal  reslatance  of  dry 
pinned  tracks  are  generally  appreciably  higher  than  equivalent  rubber 
buehed  ones  and  are  also  more  sensitive  to  pretension  and  gross  traction 
forces.  Measurements  on  a vehicle  have  shown  the  low  speed  hard  road 
reslatance  of  the  double  pitch  dry  pinned  track  to  be  approx  0.01S  greater 
than  the  standard  rubber  bushed  one  (both  at  normal  tensions).  The 
measured  Cggp  data  points  havs  therefore  been  reduced  by  this  amount. 

It  la  planned  to  use  the  tester  to  measure  the  hard  road  resistance  of  all 
the  configurations  to  see  If  there  are  any  marked  differences  between 
them. 

rig  9 shows  CI/H  plotted  against  Cg20 ■ No  particular  relationship  Is 
apparent  and  In  nearly  all  configurations  the  rolling  resistance 
coefficient  actually  Increases  at  higher  values  of  CI/N  due  to  higher 
traction  and  the  effects  of  weight  transfer. 

Fig  10  shows  CI/M  plotted  against  peak  tractive  efficiency  np.  Generally 
quite  good  merging  of  the  data  points  Is  Indicated  with  np  not  exceeding 
75-80X  even  at  high  values  of  CI/N. 

CONCLUSIONS 


The  mobile  tester  with  modular  track  rig  has  proved  a satisfactory  way  of 
gathering  In  field  tractive  performance  data  for  track  systems  of  different 
configurations. 

The  cohesive  soil/track  mobility  number  CI/pg  shows  promise  for  forming  the 
basis  of  a simple  tracked  vehicle  performance  prediction  system  but  more 
data  Is  required  particularly  In  the  Important  go/no  go  region  where 
performance  can  be  expected  to  be  more  sensitive  to  differences  In  track 
system  configuration.  At  high  traction  consideration  would  also  need  to 
be  given  to  weight  transfer  as  affected  by  traction  centre  position, 
wheelbase  and  the  departure  angle  of  the  track. 
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*C4  “ M iCjh 


H>  ± L-J3)  - V (C  ♦ T)  «ln  0 


Similarly  for  wheel  3 

Rg-j  " V(Cih  ♦ (Cn  + T)b  + 1 - Ta) 

af 

Inserting  th«  average  values  of  Sica  A,  0.61a  <5 la  wheels,  track  A/B 


CT20 

- 0.56 

t - 

0.64  a 

CdC 

- 0.81 

°R  “ 

30* 

h 

- 0.30a 

T - 

0.2 

a 

- 0.47a 

b • 

1.10a 

*C3 

- 0.71V 

*C4 

- 0.21V 

l.e. 

Rq]  Is  alaost  3 Claes 

Its  nominal 

value  and  Rgg  la  slightly  lass 

with  vary  llttla  load  on  wheels  1 and  2. 

fha  Inclusion  of  a compensating  aaehanlaa  will  introduca  a vertical 
forea  between  wheel  4 and  tha  body  which  can  ba  aada  aoaa  daalrad 
ratio  of  W (Cg  ♦ T)  and  will  lacraaaa  Rgg  and  reduce 

Tha  Introduction  of  suspension  spring*  aakes  tha  analysis  aora 
coapllcatad  In  that  applied  forces  will  causa  appreciable  deflections 
and  soma  fora  of  coaputer  based  solution  will  be  required. 


FORCE  COEFFICIENTS  FORCE  COEFFICIENTS 
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Fig  3 Typical  Traction  Curvea  Site  A,  2 and  4 Wheal  Configurations 


ro«cc  cocrnciENT3  force  cocrriciENTs 
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DIER 


FRONT  DRIVE  SPROCKET 
LEADING  ARM  SUSPENSION 


DLER 


FRONT  DRIVE  SPROCKET 
TRARJNG  ARM  SUSPENSION 


PIVOTED  FMAL  DRIVE 
SPROCKET 


REAR  DRIVE  SPROCKET 
SPUR  FMAL  DRIVE 


REAR  DRIVE  SPROCKET 
EPtCYCLIC  FMAL  DRIVE 


FIG  5 FORMS  OF  COMPENSATE  MECHAMSM  FOR 
APPLYE  DOWNFORCE  ON  REAR  WHEEL 
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FIG  6 

COEFFIQEHT  OF  ROUJNG  RESISTANCE  C,  PLOTTED  AGAMST  SUP 
i COEFFWENT  OF  TRACTION  CT  FOR  2 and  4 WHEEL  CONFIGURATIONS 
(SITE  AU  2 and  • WHEEL  CONFIGURATIONS  (SITE  B) 


COEFFIOENT  OF  TRACTION  AT  20%  SUP  Cm  ANO  COEFFIOENT 
ROLLMG  RESISTANCE  AT  SELF  PROPEU.EO  POMT  C**  PLOTTEO 
AGAWST  CONE  MOEX  OVER  NOHMAl  GROUNO  PRESSURE  c,/.« 


c!/ 


HG  • 

COCFRCEHT  OF  TRACTION  AT  20%  SUP  Cm  ANO  COEFROEMT 
ROLUNC  RESISTANCE  AT  SELF  PROPELLED  POUT  Cr»  PLOTTI 
AGAMST  TRACK  HONJTY  NUMBER 


2 3 


FIG  9 COEFFICIENT  OF  ROLUNG  RESISTANCE  AT  20%  SUP  C» 
PLOTTED  AGAMST  TRACK  MOBILITY  NUMBER  Cl/H 


EACH  POWT  AVERAGE  OF  12  RUNS 


PEAK  TRACTIVE  EFFIQENCY  f),  PLOTTED  AGAMST  TRACK 
MOBILITY  NUMBER  C!/L 


